The rate of incorporation of "C from acetate-1-4C into fatty acids by carrot root discs, 18 hours after inoculation with Ceratocystis fimbriata, was 9-fold greater than that in freshly cut discs. The rate in discs treated with water or Ethrel was 3-fold greater. The rate of incorporation of "C from glucose-U-'C into fatty acids was 3-fold greater 18 hours after any of the above treatments. The rate of "C incorporation from malonate-2-"C into fatty acids 24 hours after inoculation with C. fimbriata or treatment with water was 25 and 60%, respectively, of that in freshly cut discs. Linoleic acid was the principal fatty acid in carrot root, but incorporation of "C from acetate-1-VC into the acid was low until 18 hours after inoculation with C. fimbriata or treatment with Ethrel. Turnover rates of the fatty acids appeared low and were similar for all treatments.
tively, of that in freshly cut discs. Linoleic acid was the principal fatty acid in carrot root, but incorporation of "C from acetate-1-VC into the acid was low until 18 hours after inoculation with C. fimbriata or treatment with Ethrel. Turnover rates of the fatty acids appeared low and were similar for all treatments.
There was little or no incorporation of "C from acetate or malonate into 3-methyl-6methoxy4-8hydroxy-3,4-dihydroisocoumarin (6-methoxy meilein) in fresh carrot discs or in discs treated with water, but label was incorporated rapidly in discs inoculated with C. fimbriata or treated with EthreL The rate of incorporation of label from acetate into fatty acids was severalfold higher than into 6-methoxy meilein, but the rate of incorporation of label from malonate was approximately equal into fatty acids and 6-methoxy mellein 24 hours after inoculation. The rate of fatty acid synthesis does not appear directly related to the accumulation of 6-methoxy mellein.
tion of 6-methoxy mellein after inoculation with C. fimbriata or treatment with Ethrel (4, 14) . Though C. fimbriata and Ethrel both increase the accumulation of 6-methoxy mellein, there are differences in their over-all effect on the carrot. Chlorogenic acid content and phenylalanine ammonia-lyase activity increase in carrot discs inoculated with C. fimbriata but remain at the level of control tissue in carrots treated with Ethrel (8) .
Metabolism related to the synthesis of 6-methoxy mellein can be studied using carrots treated with Ethrel or inoculated with C. fimbriata. Metabolic alterations unique to only one treatment are probably not directly related to the accumulation of 6-methoxy mellein. Sliced carrots also undergo induced respiration. Metabolic changes in treated carrot discs that are involved in induced respiration, but are not responsible for the synthesis of 6-methoxy mellein, can be distinguished by using carrots treated with water which do not accumulate the compound.
6-Methoxy mellein is a polyketide, and the biosynthesis of polyketides proceeds by the head-to-tail condensation of acetate units (1, 9, 11) . The completely reduced form of a polyketide is a fatty acid, and the mechanism for polyketide biosynthesis is similar to that for fatty acids (9, 11) . The activity of fatty acid synthetase and synthesis of linoleic acid increase in slices of potato tuber undergoing induced respiration (13) . This study was undertaken to (a) examine fatty acid metabolism in carrot root discs treated with water,. Ethrel, or C. fimbriata; (b) determine the incorporation of isotope-labeled precursors into 6-methoxy mellein; and (c) evaluate the relationship of fatty acid synthesis and the synthesis of 6-methoxy mellein.
Infected plants often accumulate compounds which are not detectable in the uninfected plant or infectious agent. A high concentration of 3-methyl-6-methoxy-8-hydroxy-3, 4-dihydroisocoumarin (6-methoxy mellein) accumulates in carrot roots after inoculation with the fungus Ceratocystis fimbriata Ell. and Halst. (5, 6, 8) . Ethrel (2-chloroethyl phosphonic acid) causes the accumulation of 6-methoxy mellein' in carrot discs to levels equal to or greater than that following inoculation (8 'Abbreviation: 6-methoxy mellein: 3-methyl-6-methoxy-8-hydroxy-3,4-dihydroisocoumarin.
MATERIALS AND METHODS
Tissue Treatment. Carrots (Daucus carota L.) purchased locally were cleaned and treated as described previously with water, a solution of 9 mg Ethrel/ml or inoculated with C. fimbriata (8) . At the end of each incubation period, the upper 1 mm of tissue was removed. This tissue was used for isotope incorporation experiments or was frozen, lyophilized, and pulverized with a mortar and pestle.
Isotope Incorporation Experiments. Isotopes used were malonic-2-"C acid, 5.6 mc/mmole (New England Nuclear); acetic-1-l"C acid, 1.0 mc/mmole (Calatomic); glucose-U-m"C, 1 .0 mc/mmole (Amersham/Searle Corp.); mevalonic-2-"C acid, 4.7 mc/ mmole (New England Nuclear).
To determine the rate of incorporation of labeled malonic and mevalonic acids, eight slices of tissue, weighing a total of 1 g, were treated for a designated period of time and placed on a piece of moist filter paper in a sterile Petri dish. RESULTS Fatty Acid Metabolism. The rate of incorporation of label from acetate-1-"4C into fatty acids increased in carrot root discs after inoculation with C. fimbriata (Fig. 1B) . The rate of in- The rate of acetate-1-1'C metabolism increased only 2-fold in carrots treated with water or Ethrel or inoculated with C. fimbriata (Fig. IA) . The increased rate of incorporation of acetate into fatty acids in inoculated carrots was also reflected in the percentage of metabolized acetate-l-14C incorporated into fatty acids (Fig. 1C) . The rate of isotope incorporation was linear for the 3-hr incubation period.
The rate of incorporation of label from glucose-U-J4C into fatty acids was the same in carrot discs inoculated with C. fimbriata or treated with water (Fig. 2B) . In both treatments, after 18 hr, the rate of incorporation into fatty acids was 9-fold higher than in freshly cut carrots. The rate of glucose metabolism had also increased 3-fold after 18 hr compared to freshly cut carrots ( Fig. 2A) . Thus, there was a 3-fold increase in the percentage of the metabolized glucose-U-14C incorporated into fatty acids (Fig. 2C) . The rate of isotope incorporation was linear for the 3-hr incubation period.
The rate of incorporation of label from malonate-2-"C into fatty acids rapidly decreased in carrot discs inoculated with C. fimbriata. Twenty-four hours after inoculation, the rate of incorporation had decreased to 25% of that in freshly cut carrots (Fig. 3) , while the rate of incorporation in carrot discs treated with water decreased only to 60% of that in freshly cut carrots. After reaching a minimum, the rate of incorporation in carrot discs treated with water returned to 90% of the original rate, whereas in carrot discs inoculated with C. fimbriata, the rate of incorporation returned to only 50% of the original rate. The rate of isotope incorporation was linear for the 6-hr incubation period.
The principal fatty acid in carrot root tissue was linoleic, comprising 70% of the 12.1 Mumoles of total fatty acid/g fresh wt (Table I) . Palmitic and linolenic acids were the other two major fatty acids while oleic and stearic acids comprised only 3 and 1%, respectively, of the total fatty acids. There was no qualitative or quantitative change in the fatty acid content of carrots treated with water, Ethrel, or C. fimbriata (7) . The rate of incorporation of label from acetate-1-l4C into linoleic acid was low in freshly cut carrots but increased in carrots 18 hr after inoculation with C. fimbriata to a rate 15-fold higher than that in freshly cut carrots (Fig. 4) . In carrots treated with Ethrel or water, the rate increased 8-and 4-fold, respectively. The rate of incorporation into stearic and oleic acids similarly increased, but the rate of incorporation into palmitic acid did not. Alterations in the distribution of the isotope into the individual fatty acids were most apparent in palmitic and linoleic acids (Fig. 5) . tional period (Fig. 6 ). Isotope incorporation into fatty acids continued for 3 hr after removal of labeled acetate from the medium. There was little or no decrease in the amount of isotope in the individual fatty acids 18 hr after the rise in isotope incorporation had stopped. Freshly cut carrots and carrot discs treated for 18 hr with water, Ethrel, or C. fimbriata all behaved similarly with respect to isotope turnover (7) . Metabolism of 6-Methoxy Mellein. The rate of incorporation of label from acetate-l-14C into 6-methoxy mellein in carrot roots increased rapidly 6 hr after inoculation with C. fimbriata or treatment with Ethrel (Fig. 7) . Incorporation of label into 6-methoxy mellein in fresh carrot discs was too low to quantitate and remained low in carrot discs treated with water. Similar results were obtained for the incorporation of label from malonate-2-14C into 6-methoxy mellein in carrot discs inoculated with C. fimbriata or treated with water (Fig. 8) . The incorporation of label from mevalonate-2-14C into 6-methoxy mellein and fatty acids was very low compared to that into nonsaponifiable compounds (Table II) . The same carrots incorporated large amounts of label from acetate-2-14C into 6-methoxy mellein and fatty acids.
The distribution of isotope among the compounds in the chloroform extract depends on the labeled substrate used (Fig.  9) . 6-Methoxy mellein and fatty acids are the principal compounds containing isotope in chloroform extracts of carrot discs inoculated with C. fimbrita for 24 hr or more. When acetate-1-'C is the substrate, 6-methoxy mellein contains less than 10% of the isotope found in the chloroform extract while fatty acids contain 50%; however, when malonate-2-w"C is the substrate, 6-methoxy mellein contains 20 to 40% of the isotope compared to 25 to 50% in the fatty acids. Fatty acids are the primary recipients of isotope from acetate in the chloroform extract while 6-methoxy mellein and fatty acids compete nearly equally for isotope from malonate. (Fig. 2) . Thus, the actual rate of synthesis of fatty acids in the inoculated discs and discs treated with water may be the same. This is based on the assumption that principal substrates for fatty acid synthesis are products of carbohydrate degradation (12) . While there appeared to be a 3-fold increase in the rate of fatty acid synthesis in inoculated discs or discs treated with water 18 hr after treatment, there was not a concomitant increase in the quantity of fatty acids. Isotope turnover in the individual fatty acids ap- (Fig. 6) . The above may be explained by a slow over-all synthesis of fatty acids and the fact that the amount of labeled compound incorporated represents only a small part of the total fatty acids present.
The pattern of distribution of isotope into the individual fatty acids changed significantly in treated carrots (Fig. 5) . While stearic and oleic acids consistently contained 40 to 50% of the isotope, there was an alteration in isotope distribution into palmitic and linoleic acids. Ths alteration was greatest in carrots treated with Ethrel or inoculated with C. fimbriata. A decrease in the percentage of isotope in palmitic acid was accompanied by an increase of that in linoleic acid. These alterations are similar to those observed in potato tuber during induced respiration (13) .
The decreased incorporation of label from malonate into fatty acids (Fig. 3) is not understood. This decrease coincides with an increased incorporation of label from acetate into fatty acids (Fig. 1) .
There malonate into 6-methoxy mellein in fresh or water-treated carrots. These same tissue slices are actively incorporating label into fatty acids, suggesting that synthesis of 6-methoxy mellein is inactive in this tissue. A lag period of 6 to 12 hr after inoculation with C. fimbriata or treatment with Ethrel is necessary before the label is rapidly incorporated. This may account for the low accumulation of 6-methoxy mellein during the first 24 hr after treatment (6, 8) .
It appears that increased fatty acid synthesis does not lead directly to increased synthesis of 6-methoxy mellein. The synthesis of 6-methoxy mellein is high in Ethrel-treated carrots which do not show an increase in fatty acid synthesis (Fig. 1) , and the synthesis of 6-methoxy mellein is low in water-treated carrots which have increased fatty acid synthesis (Fig. 2) . The apparent shift to linoleic acid synthesis may be significant since it is common to tissue rapidly synthesizing 6-methoxy mellein (Fig. 5) .
Mevalonate was used as a substrate because polyketide synthesis has been studied primarily in fungi. The incorporation of label from mevalonate-2-V4C into 6-methoxy mellein and fatty acids was low, suggesting that the plant pathway is similar to the proposed pathway of polyketide synthesis in fungi (1, 11) . There was considerable difference in the incorporation of label from acetate and malonate. Acetate was a much better substrate for fatty acid synthesis than for the synthesis of 6-methoxy mellein, whereas malonate was approximately equal as a substrate for both (Fig. 9) . Thus, there may be differences in the availability of certain substrates to the respective synthetases. This was not expected, since both fatty acids and polyketides are supposedly synthesized from acetyl-and malonyl-CoA. Perhaps there is efficient conversion of acetate to acetyl-ACP, which may not be a good substrate for polyketide synthesis.
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